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16E.  SELECTED  DATA  SET  FROM  STATIC  AND  ROLLING  EXPERIMENTS 
ON  A 65°  DELTA  WING  AT  HIGH  INCIDENCE 

X.Z.  Huang,  T.C.  Lui  and  E.S.  Hanff 
IAR/NRC,  Canada 


INTRODUCTION 

This  data  set  is  selected  from  an  extensive  set  of  experimental  results  obtained  for  configurations  with  a 65° 
delta  wing  under  static  as  well  as  large-amplitude  high-rate  rolling  or  pitching  conditions  at  high  incidence.  The 
experiments  were  performed  under  a joint  research  program  on  “Non-Linear  Aerodynamics  under  Dynamic 
Maneuvers”  by  the  National  Research  Council  of  Canada  (NRC  (IAR)),  the  U.S.  Air  Force  (USAF  (AFOSR, 
AFRL))  and  the  Canadian  Dept,  for  National  Defence  (DND).  NASA  Ames  informally  participated  in  the  program 
through  its  substantial  CFD  work  on  specific  test  conditions.  The  experimental  results  provide  both  detail  pressure 
measurements  and  a wide  range  of  flow  conditions  covering  from  simple  attached  flow,  through  fully  developed 
vortex  and  vortex  burst  flow,  up  to  fully-stalled  flow  at  very  high  incidence.  Since  this  data  set  includes  different 
levels  of  physical  difficulty,  the  computational  researchers  working  in  unsteady  aerodynamics  can  use  it  as  a 
staircase  approach  to  the  problem  of  validating  their  corresponding  code.  Four  schematic  and  representative 
configurations1  were  selected  in  the  experiments  (Fig.  1 to  Fig.  3): 

1)  65°  delta  wing; 

2)  80/65°  double  delta  wing; 

3)  65°  delta  wing  with  a single  vertical  tail  and  a circular  ogive  forebody, 

4)  65°  delta  wing  with  a single  vertical  tail  and  an  elliptical  cross  section  forebody  whose  major  axis  could  be 
installed  either  horizontally  or  vertically. 

Experiments  with  the  above  models  include  the  following  test  parameters: 

1)  motion  variables  (rolling  or  pitching), 

2)  modes  (static  or  dynamic), 

3)  motion  waveform  (harmonic,  ramp-and-hold,  free-to-roll  and  “forced”  free-to-roll), 

4)  observed  variables  (flow  visualization,  motion  history,  steady  and  unsteady  loads  and  surface  pressure), 

5)  wind  tunnel  interference  assessment  (by  repeat  tests  in  different  wind  tunnels), 

6)  support  interference  assessment  (by  repeat  tests  with  different  supports). 

The  words  of  “forced”  free-to-roll  refer  to  the  experiments  performed  in  the  forced  mode  with  the  same  motion 
as  observed  under  free-to-roll  condition  so  that  the  unsteady  surface  pressures  prevailing  during  free-to-roll  motions 
could  be  obtained. 

Fig.  4 to  Fig.  7 show  the  installation  and  support  arrangements  in  the  two  wind  tunnels.  The  models,  rolling  rig 
and  pitching  rig  were  designed  by  IAR.  Experiments  were  conducted  both  at  the  IAR  and  AFRL  wind  tunnels 
(LSWT  and  SARL  respectively)  and  Table  1 summarizes  the  test  matrix.  A complete  list  of  tests  with 
corresponding  conditions  can  be  found  in  Ref.  1-4.  The  comparisons  of  repeat  tests  conducted  in  different  wind 
tunnels  and  supports  shown  in  Ref.  1 confirm  that  both  wind-tunnel  as  well  as  support  interference  are  negligible. 

Due  to  large  number  of  tests  conducted,  this  data  set  contains  only  ten  typical  cases  for  the  65°  delta  wing, 
listed  in  Table  2.  These  cases  were  selected  to  cover  typical  sets  of  tests  such  as  static  tests  and  harmonic,  ramp- 
and-hold,  free-to-roll  and  “forced”  free-to-roll  dynamic  tests.  Seven  spanwise-distributed  surface  pressure 
transducers  on  the  up  surface  of  the  port  wing  were  used  to  measure  the  instantaneous  surface  pressure  during  the 
motion.  Three  typical  sting  angles:  o=15°,  30°  and  35°  were  selected  as  being  representative  of  different  leading- 
edge  vortex  behavior.  In  the  absence  of  sideslip,  at  <7=15°  the  leading-edge  vortex  is  intact  over  the  full  length  of 
the  model,  leading  to  small  non-linearities  and  time  dependence;  at  o=30°  vortex  breakdown  occurs  over  the  aft 
part  of  the  wing  leading  to  severe  non-linearities  and  time  dependence;  and  finally,  at  a=35°  vortex  breakdown  is 
present  over  the  forward  portion  of  the  wing  resulting  in  different  characteristics. 


LIST  OF  SYMBOLS  AND  DEFINITIONS 

B 

c 
Co 


wing  span,  (in) 
chord,  (in) 

mean  aerodynamic  chord,  (in) 
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pressure  coefficient  =(p-p(,)/qs 

CPi  pressure  coefficient  measured  from  transducer  at  “i”  station 

q rolling  moment  coefficient  =(/qsB 

pitching  moment  coefficient  =m/qsc0 
CN  normal  force  coefficient  =N/qs 

pressure  coefficient  =(p-p0)/qs 

Cpi  pressure  coefficient  measured  from  transducer  at  “i”  station 

f frequency,  (Hz) 

k reduced  frequency  =JtfB/V0 

( rolling  moment,  (lbs-in) 

M Mach  number 

m pitching  moment  related  to  35%  MAC,  (lbs-in) 

N normal  force,  (lbs) 

n yawing  moment  related  to  35%  MAC,  (lbs-in) 

p pressure,  (psi) 

p0  free  stream  static  pressure,  (psi) 

p.Im  atmospheric  pressure  (psi) 

q dynamic  pressure,  (psi) 

s wing  area,  (in2) 

S local  semi-span,  (in) 

T0  static  temperature,  (°C) 

t time,  (sec) 

V0  free  stream  velocity,  (ft/sec) 

x,y,z  body  axes  coordinates 

XcP  center  of  pressure  in  x axis,  (in) 

yCp  center  of  pressure  in  y axis,  (in) 

Y side  force,  (lbs) 

a angle  of  attack,  (°) 

o sting  angle  (between  body  axis  and  tunnel  axis),  (°) 

<t>°  roll  angle,  (°) 

<J>o  mean  roll  angle  or  initial  roll  angle,  (°) 

<j)[  roll  angle  at  end  of  ramp-and-hold  motion,  (°) 

(j>,  roll  angle  in  free-to-roll  motion  at  wind-off  condition,  (°) 

<f>w  roll  angle  in  free-to-roll  motion  at  wind-on  condition,  (°) 

A<f  amplitude,  (") 

<j>  roll  angular  rate,  (rad/sec) 

O non-dimensional  rolling  frequency  = <fB/2V0 

FORMULARY 

1 General  Description  of  model 


1.1 

Designation 

IAR/AFRL  65°  delta  wing 

1.2 

Type 

Full  model 

1.3 

References 

Ref.  1 (Fig.  1 to  Fig.  3) 
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2 Model  Geometry 

2.1  Planform 

2.2  Aspect  ratio 

2.3  Leading  edge  sweep 

2.4  Trailing  edge  sweep 

2.5  Span 

2.6  Root  chord 

2.7  Area  of  planform 

2.8  Twist 

2.9  Leading-edge  bevel  (leeward) 

2.10  Leading-edge  bevel  (windward) 

2. 1 1 Trailing  edge  bevel  (leeward) 

2. 1 2 Trailing  edge  bevel  (windward) 

2. 1 3 Area  of  planform 

2.14  Leading-edge  radius 

2. 1 5 Tolerance  of  leading-edge  radius 

2.16  Mean  aerodynamic  chord 

2. 17  Thickness  of  flat  area 

2. 1 8 Reference  center 

2. 1 9 Center-body  diameter 

2.20  Radius  of  forebody 

3 Wind  Tunnel 

3.1  Designation 


3.1.1 

Type  of  tunnel 

3.1.2 

Test  section  dimensions 

3.1.3 

Type  of  roof  and  floor 

3.1.4 

Maximum  speed 

3.1.5 

Contraction  ratio 

3.1.6 

Turbulence  in  empty  tunnel 

3.1.7 

Support 

3.1.8 

Type  of  side  walls 

3.1.9 

Type  of  roof 

3.1.10 

Tunnel  resonance 

3.1.11 

Reference 

3.2  Designation 

3.2.1 

Type  of  tunnel 

3.2.2 

Test  section  dimensions 

3.2.3 

Maximum  speed 

3.2.4 

Contraction  ratio 

3.2.5 

Turbulence  in  empty  tunnel 

3.2.6 

Type  of  side  walls 

Delta  wing 
1.866 
65° 

0° 

22.835  in 
24.485  in 
279.486  in2 
0° 

10°  (perpendicular  to  leading-edge) 

10°  (perpendicular  to  leading-edge) 

10°  (perpendicular  to  trailing  edge) 

10°  (perpendicular  to  trailing  edge) 

279.486  in2 
0.020  in 
±10% 

16.323  in 
0.375  in 

13.875  aft  of  the  apex 
3.150  in 

r = -j24.1032  -(12.243- x)2  -22.528  in 
LSWT  (IAR) 

Close-circuit  atmospheric  type 

Height:  6 ft,  width:  9ft,  length:  15  ft 

Solid  with  large  optical  quality  plexiglass  windows 

390  ft/sec 

9 

<0.12%  at  free  stream  speed  of  100  ft/sec 
Sting  attached  to  wind  tunnel  strut  (Fig.  4) 

Solid  with  large  optical  quality  plexiglass  windows 
Solid  with  large  optical  quality  plexiglass  windows 
No  evidence  of  resonance  in  present  test 
Ref.  5 

SARL  wind  tunnel  (AFRL) 

Open-circuit  atmospheric  type 
Height:  10  ft,  width:  7ft,  length:  15  ft 
660  ft/sec 
36 

<0.1% 

Solid  with  large  optical  quality  plexiglass  windows 


3.2.7 

Type  of  roof 

Solid  with  large  optical  quality  plexiglass  windows 

3.2.8 

Support 

Roll  rig  is  shown  in  Fig.  4 and  Fig.  5 while  pitch  rig  is 
shown  in  Fig.  6 and  Fig.  7 

3.2.9 

Tunnel  resonance 

No  evidence  of  resonance  in  present  test 

3.2.10 

Reference 

Ref.  6 

Model  motion 

4. 1 General  description 

4.2  Method  of  applying  motion 

4.3  Model  deformation 

4.4  Roll  angle  precision 

4.5  Sting  angle  precision 

4.6  Sinusoidal  motion 

4.6. 1 Maximum  oscillation  amplitude 

4.6.2  Maximum  mean  roll  angle 

4.6.3  Maximum  frequency 

4.7  Ramp-and  hold  motion 

4.7.1  Waveform 

4.7.2  Maximum  of  angular  rate 

4.7.3  Maximum  of  angular  acceleration 

4.8  Free-to-roll  and  “forced”  free-to-roll 

4.8.1  Maximum  initial  roll  angle 

4.8.2  Tare  friction 


Test 

Conditions 

5.1 

Model  planform  area/tunnel  area 

0.0296  (SARL)  and  0.0357  (LSWT) 

5.2 

Model  span/tunnel  height 

0.300  (LSWT) 

5.3 

Model  span/tunnel  width 

0.272  (SARL) 

5.4 

Model  center  chord/  tunnel  height 

0.204  (SARL) 

5.5 

Model  center  chord/  tunnel  width 

0.227  (LSWT) 

5.6 

Blockage  at  ot=30° 

0.0148  (SARL)  and  0.0179  (LSWT) 

5.7 

Position  of  model  in  tunnel 

Standard  side  position  (LSWT) 
Standard  upright  position  (SARL) 

5.8 

Rolling  moment  of  inertia 

0.15  lbs-in-sec2 

5.9 

Range  of  tunnel  total  pressure 

Atmospheric  (SARL) 

Atmospheric  static  pressure  (LSWT) 

5.10 

Definition  of  model  sting  angle 

Angle  between  body  axis  and  tunnel  axis 

5.11 

Sting  deformation  under  static  loads 

Negligible  in  (LSWT)  and  l°at  o=30°  in  (SARL) 

Rolling  about  body  axis  with  following  motions: 
Sinusoidal  (§4.6) 

Ramp-and-hold  (§4.7) 

Free-to-roll  and  “forced”  free-to-roll  (§4.8) 

Inexorable  hydraulic  system  (3,000  psi,  50  hp) 

Negligible 

0.175° 

0.1° 

40° 

±50° 

18  Hz 

Constant  velocity  with  constant  acceleration  at  both  ends, 
or  Only  constant  acceleration  at  both  ends  (double 
parabola) 

4500  °/sec 
500,000  7sec2 

90° 

Approximately  constant  (independent  of  rate) 
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6 Measurements  and  Observations 


6.1 

Steady  pressure  for  static  conditions 

Yes 

6.2 

Unsteady  pressures  for  dynamic 
conditions 

Yes 

6.3 

Steady  forces  for  static  conditions 

Measured  directly 

6.4 

Unsteady  forces  for  dynamic  conditions 

Measured  directly 

6.5 

Measurement  of  actual  motion  of 
model 

Yes 

6.6 

Measurement  of  ffee-to-roll  motion 
history 

Yes 

6.7 

Observation  or  measurement  of 
boundary  layer  properties 

Yes 

6.8 

Visualisation  of  surface  flow 

Yes 

6.9 

Visualization  of  off-surface  flow 

Yes 

6.10 

Wind  tunnel  interference  assessment 

Yes 

6.11 

Support  interference  assessment 

Yes 

7 Instrumentation 


7. 1  Steady  pressure 

7.1.1  Position  of  orifices  spanwise  and  see  Fig.  1 
chord  wise 


7.1.2  Type  of  measuring  system 
Operation  mode 
Sensitivity  range 

Zero  pressure  output: 

7.1.3  Installation  of  transducers 

7. 1 .4  Principle  and  accuracy  of 
calibration 

7.2  Unsteady  pressure 

7.2. 1 Position  of  orifices 

7.2.2  Type  of  transducers 

7.2.3  Method  and  accuracy  of  calibration 

7.3  Steady  loads 

7.3.1  Type  of  transducers 

7.3.2  Type  of  measuring  system 


7.3.3  Method  and  accuracy  of  calibration 


Kulite  pressure  transducers  (LQ-47-25A)  with  "B”  screen 

Absolute 

3.21-4.46  mv/psi 

<±5%  full  scale 

Using  RTV  adhesive  flush  ( ) to  upper  surface. 

Fill  trough  with  clear  epoxy  filler  fair  to  upper  surface. 

Kulite:  static  calibration  at  beginning  of  tunnel  entry, 
offset  measurement  every  30  minutes. 


See  Fig.  1 
Same  as  §7.1.1 

Kulite:  static  calibration  at  beginning  of  tunnel  entry, 
offset  measurement  every  30  minutes 


Strain  gauge 

Five  components  balance  with  maximum  range: 
Normal  force  N=2,000  lbs 

Side  force  Y=  1 ,000  lbs 

Rolling  moment  f=3,000  lb-in 


Maximum  and  relative  deviations: 

Normal  force  ANmax  =±2  lbs,  8Nma,=0.1% 


Pitch  moment 
Side  force 
Yawing  moment 
Rolling  moment 


Ammax=±5  lbs-in  (Axmax=  0.005  in) 
AYmax  =±2  lbs,  8Ymax=0.1% 
Anm„=±5  lbs-in  (Aymax=  0.005  in) 
Afmax^b  lbs-in  8Cfmax=0.2% 


7.4  Unsteady  loads 
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7.4.1  Type  of  transducers 

7.4.2  Measurement  method 

7.4.3  Method  and  accuracy  of  calibration 
7.5  Model  motion 

7.5.1  Method  of  measurement 

7.5.2  Accuracy 

7.5.3  Sting  acceleration  (horiz.  and  vert.) 


Strain  gauge 

Ensemble  average  of  coherent  samples  taken  over  several 
cycles 


Angular  encoder  on  driveshaft  aft  end 
±0.1° 


Accelerometer 

Non-linearity: 

Range: 

Limit: 

Them.Z 

TSS 


EGA-125*-10D 

±1% 

±10  g 
±50  g 

±1%FS/100°F 
±2.5%  /100°F 


7.6  Processing  of  unsteady  measurements 

7.6.1  Pressure  signal  acquisition 

7.6.2  Loads  signal  acquisition 

7.6.3  Processing  data 


See  Fig.  8 a (up  to  1991) 

See  Fig.  8b  (up  to  1991) 

Ensemble  average  over  more  than  30  (harmonic  motion), 
or  9 cycles  (ramp-and-hold  motion) 


8  Data  presentation 


8.1 

Test  cases  for  which  data  could  be 
made  available 

Table  1 

8.2 

Test  cases  for  which  data  are  included 
in  this  document 

Table  2 

8.3 

Data  presentation 

See  CD-ROM  (in  Tecplot  format) 

8.4 

Electronic  data  file  index 

Table  3 

8.5 

Examples  of  lay-out  of  data  files 

Table  4 at  page  23 

8.6 

Some  illustration  of  results 

See  page  17  to  22 

9 Personal  contact  for  further  information 

Xing  Zhong  Huang  and  Ernest  S.  Hanff,  Aerodynamics  Laboratory,  Institute  for  Aerospace  Research, 
National  Research  Council  of  Canada,  Montreal  Rd.  Ottawa,  Canada,  K1A  0R6. 
e-mail  address:  xingzhong.huang@nrc.ca  and  emest.hanff@nrc.ca 
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Fig.  2 80°/65°  double  delta  wing 
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Fig.  5 Installation  of  roll  rig  in  the  SARL  tunnel 
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DC  AMPLIFIER  8UTTERW0RTH  DC  AMPLIFIER 

FILTER 


Fig.  8a  Signal  conditioning  for  data  acquisition  used  up  to  1991 


Fig.  8b  Signal  conditioning  for  data  acquisition  used  after  1991 


Table  1 Roll  and  pitch  test  conditions 
(1989-1994) 
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Free-lo-roll  330.580  30.35 
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pressure 

pressure 

pressure 

pressure 


lamaeum 


L02157 
L02156 
L02155 
L02178 
L02177 
L02176 
L02175 
LI  1273 
LI  1274 
LI  1275 
LI  1276 


DW3412 

DW3413 

DW3414 

DW3415 

DW3416 

DW3417 

DW3418 

DW3419 

DW3420 

DW3421 

DW3422 

DW3423 

DW3424 

DW3425 

DW3426 


FmfliPiaiBii 


L00354 
LI  0290 
L00384 
L00359 
LI  0293 


DW3001 

DW3002 

DW3003 

DW3004 

DW3005 

DW3006 

DW3007 

DW3036 

DW3037 

DW3038 

DW3039 

DW3040 

DW3041 

DW3042 

DW3043 

DW3044 

DW3050 

DW3053 

DW3055 


wwatanm 


LI  0379 

LI  1 1 1 
LI  0447 


TW00I6 

TW0032 

TW0036 


397 


88-92 


93-97 


98-102 


103-107 


108-112 


113-117 


118-122 


123-127 


128-132 


133-137 


138-142 


143-146 


148-152 


153-157 


158-162 


163-167 


168-172 


173-177 


178 


179-183 


184-188 


189-193 


199-203 


204-208 


209-213 


214-218 


219-223 


224-228 


Case  Motion 


static  Case 


2 static  ICase 


3 | harmonic  |Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


5 | static  Case 


6 | harmonic  |Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Data 


1 (Data  and  Test  Conditions) 


2 (Data  and  Test  Conditions) 


3 (Test  Conditions) 


3 (Data  Run  No.  L02158) 


3 (Data  Run  No.  L02157) 


3 (Data  Run  No.  L02156) 


3 (Data  Run  No.  L02155) 


3 (Data  Run  No.  L02178) 


3 (Data  Run  No.  L02177) 


3 (Data  Run  No.  L02176) 


3 (Data  Run  No.  L02175) 


3 (Data  Run  No.  LI  1273) 


3 (Data  Run  No.  LI  1 274) 


3 (Data  Run  No.  LI  1275) 


3 (Data  Run  No.  LI  1276) 


4 (Test  Conditions) 


4 (Data  Run  No.  DW0341 1) 


4 (Data  Run  No.  DW03412) 


4 (Data  Run  No.  DW03413) 


4 (Data  Run  No.  DW03414) 


4 (Data  Run  No.  DW03415) 


4 (Data  Run  No.  DW03416) 


4 (Data  Run  No.  DW03417) 


4 (Data  Run  No.  DW03418) 


4 (Data  Run  No.  DW03419) 


4 (Data  Run  No.  DW03420) 


4 (Data  Run  No.  DW0342 1 ) 


4 (Data  Run  No.  DW03422) 


4 (Data  Run  No.  DW03423) 


4 (Data  Run  No.  DW03424) 


4 (Data  Run  No.  DW03425) 


4 (Data  Run  No.  DW03426) 


5 (Data  and  Test  Conditions) 


6 (Test  Conditions) 


6 (Data  Run  No.  L00371) 


6 (Data  Run  No.  L00354) 


6 (Data  Run  No.  LI 0290) 


6 (Data  Run  No.  L00384) 


6 (Data  Run  No.  L00359) 


6 (Data  Run  No.  L10293) 


7 (Test  Conditions) 


7 (Data  Run  No.  DW03000) 


7 (Data  Run  No.  DW03001) 


7 (Data  Run  No.  DW03002) 


7 (Data  Run  No.  DW03003) 


7 (Data  Run  No.  DW03004) 


7 (Data  Run  No.  DW03005) 


7 (Data  Run  No.  DW03006) 


7 (Data  Run  No.  DW03007) 


7 (Data  Run  No.  DW03036) 


7 (Data  Run  No.  DW03037) 


Measurement 


loads 


pressure 


loads/pressure 


loads 


loads 


Run  No. 


I L022 1 1-L0223I 


LI 1000-LI 1014 


File  Name 


data-cs3- 1-2-3 


pressure 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


loads/pressure 


loads 


loads 


pressure 


loads 


loads 


DW03414 


DW03415 


DW03416 


IDW03417 


DW03418 


DW03419 


DW03420 


DW03421 


DW03422 


DW03423 


DW03424 


DW03425 


DW03426 


SW01000-01316 


L00371 


L00354 


| LI  0290 


IL00384 


L00359 


LI  0293 


data-case5  / c5-l 


data-case6  / c6- 1 


data-case6  / c6-2 


Idata-case6  / c6-3 


data-case6  / c6-4 


data-case6  / c6-5 


data-case7  / c7-l 


data-case7  / c7-2 
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Motion 


ram 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


Case 


static  Case 


harmonic  Case 


forced 

free-to-roll 


Data 


7 (Data  Run  No.  DW03038) 


7 (Data  Run  No.  DW03039) 


7 (Data  Run  No.  DW03040) 


7 (Data  Run  No.  DW03041) 


7 (Data  Run  No.  DW03042) 


7 (Data  Run  No.  DW03043) 


7 (Data  Run  No.  DW03044) 


7 (Data  Run  No.  DW03050) 


7 (Data  Run  No.  DW03053) 


7 (Data  Run  No.  DW03055) 


8 (Data  and  Test  Conditions) 


9 (Test  Conditions) 


9 (Data  Run  No.  LX)  1360) 


9 (Data  Run  No.  LI 0379) 


9 (Data  Run  No.  L01111) 


9 (Data  Run  No.  LI 0447) 


10  (Test  Conditions) 


1 0 (Data  Run  No. 

TW00001  / TT00001) 


10  (Data  Run  No. 

TW00009  / TT00009) 


10  (Data  Run  No. 

TW00032  / TT00040) 


10  (Data  Run  No. 

TW00046  / TT00034) 


Measurement 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


loads 


ressure 


loads 


ressure 


pressure 


pressure 


pressure 


pressure 


pressure 


Run  No. 


[DW03038 


DW03039 


DW03040 


DW03041 


DW03042 


DW03043 


IDW03044 


DW03050 


DW03053 


IDW03055 


SW01 142-01262 


L01360 


L10379 


L01 1 1 1 


L10447 


File  Name 


data-case7  / c7-2 


TW00001  / 

TT00001 


TW00009  / 

TT00009 


TW00032  / 

TT00040 


TW00046  / 

TT00034 


data-case8  / c8-l 


data-case9/  c9-l 


data-case9  / c9-2 


data-case9  / c9-3 


data-case9  / c9-4 


data-case9  / c9-5 


data-caselO/  cl  0-1 


data-caselO/  cl  0-2 


data-caselO  / clO-2 


data-caselO  / cl 0-2 


data-caselO  / cl 0-2 


■60  -50  -40  - 30  -20  -10 

0 10  20  30  40  50  „60 

0 

0 0.5 

1 1.5 

Fig. Case  3-7  Run  No.  L02176 

Fig.Case  4-8 

Run  No.  DW03418 

(7=  15" 

f = 7.7 

a=  15° 

6=1  rad/sec 

(j>0=  13.645° 

Po=  13.427  psi 

<i>o=40o 

P0=  13.378  psi 

A*|>  = 32.176° 

M = 0.29 

M = 0.29 

-40 


-21 


Fig.Case  5 


Run  No.  SW01000  - 01 141  Fig.Case  6-4 

SW01290- 01420  0 = 30° 

P„  = 13.355  psi  <j>0=  27.359° 

M = 0.29-0.31  A<{>  = 31.502 


Run  No.  L00384 
f=  10 

P0  = 14.602  psi 
M = 0.264 


ct  = 30" 

<j)  = -64 " - +64 


-5 


Fig. Case  7- 1 Run  No.  DW03000 

a = 30“  <j>  = 0.5  rad/sec 

<|>0=  -16"  P0=  13.574  psi 

<b.  = 16“  M = 0.30 


Fig.Case  10-1  Run  No.  TW00001  / TT00001 

a = 30°  M = 0.27  (TW00001) 

<t>0=  64.000°  M = 0.00  (TT00001) 
P0=  13.572  psi 
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Table  4 Examples  of  lay-out  of  data  Hies 


Case  1 (Data  and  Test  Conditions) 


Run  No. 

1 1 

<t>° 

C, 

Cm 

j CN 

MM 

c„ 

T„(°C) 

| Pn(psi)  | 

M 

V0  (ft/sec) 

q (psi) 

atm  (psi) 

L02211 

m 

-41.995 

0.0224 

-0.0054 

-0.00007 

20.5 

329.0 

0.799 

14.181 

L02212 

■a 

-28.044 

0.0184 

-0.0042 

0.623 

0.01009 

-0.00025 

20.5 

329.0 

0.799 

14.181 

L02213 

Mil 

-13.912 

0.01 13 

-0.0062 

0.713 

0.00491 

0.00003 

20.5 

| 13.355 

0.29 

329.0 

0.799 

14.181 

Case  2 (Data  and  Test  Conditions) 


Run  No. 

c 

Cp, 

Cp? 

Cp) 

Cp4 

Cps 

■SB 

Cp? 

EJS3 

Po  (psi) 

mn 

Vo  (ft/ sec) 

q (psO 

atm  (psi) 

LI  1000 

IS 

-41.881 

-0.6722 

-0.7502 

-0.9437 

-1.3365 

-0.8449 

-0.1978 

-0.0265 

Kaa 

13.427 

331.0 

Ena 

1 4.254 

Ell 

-27.975 

-0.7451 

-0.8353 

-0.9074 

-1.6457 

-1.0368 

-0.3017 

-0.0835 

man 

1 3.427 

331.0 

14.254 

m 

-13.909 

-0.8262 

-0.8823 

-0.9569 

-1.6905 

-0.9928 

-0.3431 

jam 

13.427 

giyy. 

331.0 

1 4.254 

Case  3 (Data  Run  No.  L02158) 


Time  (sec) 


0.000000 


0.000507 


0.001015 


Cm 


-0.0064 


-0.0064 


-0.0064 


V0(ft/sec) 
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Case  3 (DataRun  No.  LI  1273) 


Case  4 (Data  Run  No.  DW03413) 


Case  5 (Data  and  Test  Conditions) 


Case  10  (Data  Run  No.  TW00001  / TT00001) 
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